Exercise performed in the supine position by patients with congestive failure was found to cause not only a greater elevation of the peripheral venous pressure than it causes in normal persons, but also a proportionately greater fall of the plasma volume.
IT IS NOW generally accepted that in heart failure of all types the cardiac output is reduced relative to the needs of the body at that time.'-3 Beyond this however, disagreement and uncertainty still confound our ideas of the causal interrelationships between this mechanical incompetence of the heart and the phenomena of clinical heart failure. Thus, the elevation of the venous pressure is regarded by some as related directly to the decrease in cardiac output and as the primary or initiating cause of edema.4-By other workers7-9 it is viewed as a purely static manifestation produced by the increase of the extracellular fluid volume or at times by changes in venous tone. In this regard though, it is worth recalling that many observers'0 11 have noted that exercise produces an abnormally great rise of the peripheral venous pressure in persons with cardiac failure even though the peripheral venous pressure at rest may have been normal. This has recently been confirmed by Felso- vanyi and Lewis'2 and by others.'3 14 By increasing the body's demands beyond the capabilities of a heart barely "compensated" at rest, exercise renders latent heart failure obvious. Landis The matter to be presented concerns only one step in this chain of events: the increased venous pressure consequent upon exercise in patients with cardiac failure does indeed lead to a greater fall of the plasma volume than occurs in normal subjects who show little or no rise in venous pressure.
Previous workers have studied the changes in the blood volume during exercise, and in general it has been found to fall. '5-'8 In the present study the amount of exercise was insufficient to produce an appreciable drop of the plasma volume in normal individuals.
METHODS
The subjects studied were patients from either the medical ward or the outpatient clinic. Control studies were done on patients with no evidence of right-sided heart failure. With few exceptions the tests were performed in the morning in the postabsorptive state, and always after at least fortyfive minutes rest in the horizontal position.
The exercise was performed while supine, and consisted of repeatedly pushing a foot board to raise a weight along a given arc as described by Felsovanvi It is realized that these technics are not proof from error. Arterial blood sampling would have eliminated the possibility of error due to local stasis. Increased loss of protein through the capillary membrane at higher venous pressures2. may have caused falsely low values for the plasma volume decrement calculated by both the long indirect dye method and the change in serum protein method. The red cell volume is overestimated by using the venous or arterial hematocrit, which have been shown to be higher that the true body hematocrit.26 This would cause the values for the plasma volume changes as calculated from the alterations in hematocrit to be higher than the true change. It was assumed that erythrocytes were neither added to nor lost from the circulation. Nylin27 was unable to show any addition to the total red cell volume on exercise. Any trapping of cells but not of plasma would lead to a decrease in hematocrit and yield falsely low values for the plasma change. The initial value obtained for the plasma volume was doubtless too high because of the poorly understood extravascular loss of dye.28 29 Some of the errors were obviated by expressing the change as a per cent of the initial volume. This also made it possible to compare changes in different individuals and in the same individual after alterations of the resting plasma volume.
RESULTS
The results are summarized in table 1. Peripheral venous pressure readings before exercise were averaged to obtain a figure for the resting venous pressure. For the exercise period the venous pressures at the end of each minute were averaged to obtain the mean level. In a few instances it was necessary to interpolate on a graph to obtain readings at the proper time intervals. The difference between the resting venous pressure and the mean level during exercise was taken as the venous pressure increment. The determinations are arranged according to the order of the resting venous pressures. With normal resting venous pressures, and viewing both tables together, it is seen that exercise may or may not produce a rise in the venous pressures. When the resting venous pressure is above the usual normal limit of 150 mm., a further rise on exercise seems quite likely to occur. An average value was also derived for the per cent change of It is evident on inspection that the venous pressure was found to rise more in subjects with heart failure. Similarly the values for the plasma volume fall were all higher in the heart failure group. Few successive determinations were performed on subjects in a steady state, so that the spread on successive determinations cannot be determined as an index of the 0 10.- error of the methods. If, however, the plasma volume fall in normal subjects is assumed to le actually zero, then a plasma volume fall of 1.2 per cent or greater should be significant, as this was the highest value found. For the patients with heart failure the plasma volume fall wsas found to be consistently larger than The slope of the line in figure 1, .069, defines the average percent fall of the plasma volume per millimeter rise of the peripheral venous pressure over a period of fifteen minutes. For any given case the milliliters of fluid lost from the vascular tree over fifteen minutes should then be the product of the slope times the venous pressure rise in millimeters, times the plasma volume in milliliters, divided by 100. If one should assume a venous pressure rise of 50 mm. of water for fifteen minutes in a subject with a plasma volume of .069 X 50 X 3000 3000 ml., this would be: In six of the experiments included in table 1 the response to exercise was studied before and after the administration of digitoxin or ouabain. The results are shown in table 2. As indicated above the results in case 4 are thought to be in error due to technical reasons. In most instances there appears to have been a definite lessening of the venous pressure increment, and concomitantly of the loss of plasma volume. Previous studies'2 have shown that digitoxin produces a fairly constant reduction or abolition of the venous pressure rise during exercise in patients with cardiac failure. DIscussIoN The data just cited demonstrate once more the occurrence of an abnormal elevation of the venous pressure on exercise in subjects with congestive failure. This elevation may be manifested though the resting venous pressure is normal. As suggested nearly forty years ago" the obvious explanation for this observation would be an inability of the heart to increase its output. It has recently been shown that in persons with cardiac insufficiency the output fails to rise during exercise as it does in normal subjects.'2 Furthermore, this venous pressure rise on exercise can be reduced or abolished by the digitalis glycosides which are known to raise the output of the failing heart. If it is conceded that exercise must cause the venous return to increase at once, and if the heart is unable to transfer this added blood to the arterial side, the accumulating fluid must necessarily elevate the pressure within the veins, unless there is a decrease in venous tone. The accumulated blood necessary to sustain a rise in the venous pressure could be drawn not only from portions of the systemic circuit but from the pulmonary circulation as well. Fenn and others33 have shown that pressure breathing can displace upwards of 500 ml. of blood from the lungs. A similar rise of the venous pressure in subjects with cardiac failure can be produced by passive leg raising or by pressure on the abdomen. In these instances there is an obvious increase of the venous return to an extent that the failing heart is unable to handle it. This rise can occur with a normal or low total blood volume34 and so cannot be due to an increased blood volume filling out the vascular system as a whole. It does not occur in normal subjects as might be expected if sudden venous constriction were the cause.
The data presented in the table seem to justify the conclusion that the abnormal rise of the venous pressure is accompanied by a loss of fluid from the vascular tree. Indeed some degree of proportionality is evident in figure 1 . From past experiences with the effects of an increased venous pressure one could safely predict this finding. 4' 30', 3i In the present instance, an acute rise of the venous pressure has apparently initiated the formation of edema.
The increased venous pressure and decreased plasma volume brought about by exercise in patients with congestive failure can be viewed as a change for the worse in the balance between the ability of the heart as a pump and the demands placed upon it. Probably a similar change occurs in acute heart failure as seen clinically, except that in this instance it results from a sudden decrease in the heart's ability as a pump rather than from a sudden increase in the demands placed upon it.
To what extent these acute factors are operative in chronic heart failure is uncertain. 2. In accordance with previous work by others, exercise was found to produce a conspicuous rise of the peripheral venous pressure of patients with heart failure.
3. This transitory rise of the peripheral venous pressure was accompanied by a roughly proportionate decrease of the plasma volume.
4. It is felt that this rise in peripheral venous pressure is due to inability of the heart to sufficiently increase its output, and that the resultant fall in plasma volume may be at least partly responsible for the renal retention of water and salt.
